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Colonies he t e rozygous  a t  the  2 loci B and  R were tes t -  
crossed to doub le  recessive colonies (bbrr) .  T he  l a rvae  
were col lected d i rec t ly  f rom t he  donor ;  a t  t he  t ime  of 
m e t a m o r p h o s i s  t h e y  were a t t a c h e d  to  glass slides; the  
new colonies der ived  f rom t h e m  were reared  in aqua r i a  
and  scored for p i g m e n t a t i o n  charac te r s .  
Results. The  d i s t r i b u t i o n  of t he  p h e n o t y p e s  in the  off- 
spr ing  of 6 m a t i n g s  is i l l u s t r a t ed  in t he  tab le .  The  
segrega t ion  of t he  alleles a t  e i the r  locus fi ts the  expec ted  
1:1  rat io.  The  j o in t  segrega t ion  reveals  a t i g h t  l inkage  
b e t w e e n  B a n d  R,  w i t h  t h e  d o m i n a n t  alleles in t he  repul-  
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s ion phase.  Actual ly ,  all b u t  one of the  he t e rozygous  
p a r e n t a l  colonies were der ived  f rom 2 m a t i n g s  of the  
t y p e  B r / b r  X b R / b r .  
For  t he  t o t a l  series, t he  r e c o m b i n a t i o n  va lue  is 1 .94% • 
0.78. The  2 pa r t i a l  series de r ived  f rom he te rozygo tes  in  
female  and  male  phase ,  respect ive ly ,  were 1 BR,  79 Br, 
90 bR,  3 b r  ( to ta l  173), a n d  2 BR,  64 Br,  70 bR,  0 b r  
( to ta l  136); t h e y  h a v e  s imi lar  r e c o m b i n a t i o n  va lues  of 
2.31 and  1.47. The  p a r e n t a l  geno types  in f ami ly  No. 5 
were A a B b R r  and  aabb r r .  The  j o i n t  segrega t ion  of A - B  
(17 AB, 12 Ab,  12 aB,  11 ab) a n d  A - R  (12 AR,  17 Ar, 
11 aiR, 12 ar) agrees w i t h  t he  p rev ious ly  e s t ab l i shed  in- 
d e p e n d e n c e  of locus A f rom b o t h  t3 a n d  R. 
Discussion. Li t t l e  is k n o w n  of t h e  genetics, of ascidians.  
T h e  colonial  species Bo t ry l lu s  schlosseri  ha s  p r o v e d  to  be  a 
su i t ab le  m a t e r i a l  wh ich  can  be easi ly  rea red  u n d e r  con- 
t ro l led  b r eed ing  cond i t ions  in  t he  l abo ra to ry ,  where  i t  
gives clones t h a t  can  be  m a i n t a i n e d  for years.  I n  add i t i on  
to  colour  p o l y m o r p h i s m ,  o t h e r  c h a r a c t e r s  are now u n d e r  
s tudy .  The  l inkage  b e t w e e n  t he  loci 13 and  R,  wi th  re- 
c o m b i n a t i o n  in b o t h  sexes, is t he  f i rs t  to  be d i scovered  
a n d  rep resen t s  t he  nuc leus  of t h e  f i rs t  l inkage  group 
w i t h i n  t he  hap lo id  set  of 16 c h r o m o s o m e s  of th i s  species% 
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Summary. The  k a r y o t y p e s  of each  2 species of Nyc t a lu s  a n d  Mur ina  are  examined .  I t  is a s s u m e d  t h a t  t he  diploid 
n u m b e r  of vespe r t i l ion id  ances to r  was  44 w i t h  a f u n d a m e n t a l  n u m b e r  of 50 and  t h a t  t h e  m e c h a n i s m  of k a r y o t y p i c  
e v o l u t i o n  w i t h i n  s u b f a m i l y  Vesper t i l ion inae  is m a i n l y  caused  b y  cen t r i c  fusion.  On t he  o t h e r  h a n d ,  t he  k a r y o t y p i c  
a l t e r a t i o n  of s u b f a m i l y  M u r i n i n a e  m a y  be  evo lved  b y  n o n - R o b e r t s o n i a n  t r ans loca t ion .  

Some a u t h o r s  a-6 h a v e  sugges ted  t h a t  t he  diploid n u m b e r  
(2n) of vesper t i l ion id  ances to r  was  be t w een  44 and  50 
w i t h  a f u n d a m e n t a l  n u m b e r  (FN) of 50, a n d  t h a t  ka ryo-  
typ ic  a l t e r a t i o n  of t he  m a j o r i t y  of genera  in  Vesper t i -  
l ionidae  was m a i n l y  evo lved  b y  cen t r i c  fusion: In  th i s  
paper ,  we discuss the  h y p o t h e t i c a I  k a r y o t y p e  of vesper-  
t i l ion id  ances to r  and  sugges t  m e c h a n i s m s  of k a r y o t y p i c  
evo lu t ion  in t h i s  family,  a n d  c o m p a r e  the  k a r y o t y p e s  of 
some vesper t i l ion id  b a t s  s tud ied  b y  us w i t h  those  of 
o t h e r  species r epo r t ed  so far.  T he  t e c h n i q u e  used in th i s  
s t u d y  was t h a t  descr ibed  b y  U c h i d a  and  A n d 6  7. F o r  
c h r o m o s o m a l  c lass i f ica t ion t he  m e t h o d  of P a t t o n  s was  
adop ted .  K a r y o t y p e s  of 16 J a p a n e s e  species are l is ted 
in the  t ab le ,  a n d  o u t  of t h e m  t h e  k a r y o t y p e s  of 6 species 
are r ep re sen t ed  in f igure 1. I n  f igures 2 and  3 are shown  
respec t ive ly  t he  k a r y o t y p e s  of 2 J a p a n e s e  noc tu le  b a t s  
(Nyc ta lus  fu rvus  a n d  N. las iopterus)  and  2 J a p a n e s e  
t u b e - n o s e d  b a t s  (Mur ina  a u r a t a  a n d  M. leucogaster)  
whose  k a r y o t y p e s  are r e p o r t e d  for t he  f i rs t  t ime  or n o t  
ye t  in detai l .  
F r o m  the  facts,  as shown  in t he  t ab l e  a n d  f igure 1, a n d  as 
a l r e ady  descr ibed  b y  some a u t h o r s  ~-6, t h a t  the  F N  
va lues  are  more  c o n s t a n t  t h a n  t he  2n ones, i t  is a s sumed  
t h a t  t he  m e c h a n i s m  cons idered  respons ib le  for k a r y o t y p i c  
evo lu t ion  in t h i s  f ami ly  is m a i n l y  R o b e r t s o n i a n  t r a n s -  
loca t ion  (centr ic  fusion or fission) wh ich  leads to  f o r m a t i o n  
of b i a r m e d  e l emen t s  f rom u n i a r m e d  ones or i ts  reverse.  
Some b a t  worker s  9-11 sugges ted  on the  bas is  of m o r p h o -  
logical c h a r a c t e r s  t h a t  t he  vesper t i l ion id  ances to r  m i g h t  
be a Myot is - l ike  ba t .  T a k i n g  t h e i r  opin ions  in to  consid-  

e ra t ion ,  i t  seems t h a t  the  k a r y o t y p i c  evo lu t ion  in th i s  
f ami ly  is m a i n l y  a t t r i b u t e d  to  cen t r i c  fusion. 
A case of cen t r i c  fusion m a y  be found  w i t h i n  genus  
Nyc ta lus .  The  k a r y o t y p e  of N. f u r v u s  (figure 2a) resem- 
bles  closely to those  of Myot i s  (f igure i a). And  s imilar  
k a r y o t y p e s  are  found  in E u r o p e a n  species of P ip is t re l lus  
(e.g., P. na thus i i ,  P. kuh l i  a n d  P. savii) 12-15, too. Con- 
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Fig. 1. Representative karyotypes of 6 vespertilionid species (females). a) Myotis nattereri; b) Plecotus auritus; c) Barbastella leucomelas; 
d) Pipistrellus erldoi; e) Vespertilio orientalis; f) Eptesicus japonensis. M = Metacentrics; SM = submetacentrics; ST = subtelocentrics; 
* = marker chromosomes (autosomes having secondary constriction). 

s idering t h a t  Pipis t re l lus  migh t  have  been der ived  f rom 
a Myotis-l ike ba t  and the  former  m a y  be more  specialized 
t h a n  lV[yotis, and  t h a t  Nyc ta lus  is placed as a m e m b e r  of 
Pipis t re l loid genera  and is considered to be a d i rec t  off- 
shoo t  of Pipistrellus11, i t  is p re sumed  t h a t  the  ances t ra l  
form of Pipis t re l lus  had  the  k a r y o t y p e  of 2n = 44 wi th  
a F N  = 50 a t  the  t ime  of d ivergence f rom Myotis-  
like form, and i ts  ka ryo type  has  been  inher i ted  by  some 
living pipis trel le  ba t s  even now, and  t h a t  Nyc ta lus  also 
d i f fe ren t ia ted  in a similar  way  f rom a s t em of Pipis t re l lus  
w i thou t  a grea t  change  of the  ka ryo type .  Therefore,  we 
assume the  ka ryo type  of N. furvus  to be r a the r  p r imi t ive  
among  those  of Nycta lus  examined  so far16,1~. The 
k a r y o t y p e  of N. las iopterus  (figure 2b) is s t r ik ingly 
s imilar  to t h a t  of N. noc tu la  1~. In  compar i son  wi th  the  
k a r y o t y p e  of N. Iurvus and  those  of the  above 2 species, 
the  au tosomal  e lements  of N. las iopterus  and N. noc tu la  
are more  by  one pai r  of large M �9 SM-autosomes  and are 
fewer by  2 pairs  of large or medium-s ized  A-ones t h a n  
those  of N. furvus.  The one addi t iona l  b i a rmed  pair  found 
in N. las iopterus  and N. noc tu la  m a y  have  or iginated,  as 
a resul t  of cent r ic  fusion, f rom cer ta in  2 pairs  of un ia rmed  
au tosomes  such  as those  found in N. furvus.  

As po in ted  out  previously,  a hypo the t i ca l  k a r y o t y p e  of 
versper t i l ionid  ances tor  was descr ibed by  some au thors  a-~. 
However ,  unless the  k a r y o t y p e s  of the  m e m b e r s  of 
Mur ina  are s tudied  and  compared  wi th  those  of o ther  
verper t i l ionid  bats ,  i t  is p r e m a t u r e  to e s t ima te  w h a t  
k a r y o t y p e  had  vesper t i l ionid  ances tor  possessed,  because 
Murina  has  been  placed in subfami ly  Murininae  of th is  
fami ly  and  morphologica l  t a x o n o m i s t s  10,18,19 using t ra -  
d i t ional  p rocedure  have  descr ibed t h a t  th is  ba t  is a local 
and  special ized offshoot  f rom some low, Myotis-l ike 
vesper t i l ionine  form. W h e n  one surveys  the  ka ryo types  
of M. a u r a t a  and  M. leucogaster  (figure 3), 4 pairs  of 
large to  medium-s ized  ST-au tosomes  in the  2 species 
appea r  to  have  small  s econdary  arms.  We  regarded these  
au tosomes  as subtelocentr ics ,  b u t  i t  is still open to 
ques t ion  w h e t h e r  the  4 pairs  of au tosomes  are satis-  
f ac to ry  as b ia rmed  ones. Therefore,  the  F N  of 2 Species 
are given here as t en t a t i ve  values (table). The ka ryo types  
of 2 species in Murina have  the  same 2n value, bu t  a sl ight 
difference is recognized be tween  t h e m  in F N  value (60 
and  58) and in shape of a medium-s ized  au tosomal  pair  

(SM-autosomes in M. aura ta ,  b u t  ST-ones in M. leuco- 
gaster) (figure 3a, b). H a r a d a  2~ repor ted  the  ka ryo type  
of M. !eucogaster  to be 2n = 44 and F N  = 50, differing 
f rom our da t a  in F N  value. This difference is due to t h a t  

Fig, 2. Representative karyotypes of a female Nyctalus furvus 
(a) and a male Nactalus lasiopterus (b). SM = Submetacentrics; 
ST = subtelocentrics; * - marker chromosomes (autosomes having 
secondary constriction). 
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we r e g a r d e d  t h e  4 p a i r s  of  a u t o s o m a l  e l e m e n t s ,  w h i c h  h e  
j u d g e d  t o  be  a c r o c e n t r i c ,  a s  s u b t e l o c e n t r i c s ,  b u t  n o t  
g e o g r a p h i c a l  v a r i a t i o n s  as  f o u n d  in  t h e  k a r y o t y p e s  of  
U r o d e r m a  21 a n d  M a c r o t i s  ~ .  
I n  c o m p a r i n g  t h e  k a r y o t y p e s  of  M u r i n a  ( f igure  3) a n d  
t h o s e  o f  M y o t i s  (e.g.,  f i g u r e  l a ) ,  t h e  2n  of  e a c h  g e n u s  h a s  
t h e  s a m e  v a l u e ,  b u t  in  t h e  a u t o s o m a l  e l e m e n t s  of  t h e  
f o r m e r ,  a s  d e s c r i b e d  a b o v e ,  t h e r e  a r e  4 p a i r s  of  S T - a u t o -  
s o m e s  h a v i n g  s m a l l  s e c o n d a r y  a r m s  w h i c h  c a n n o t  be  
f o u n d  in  t h e  a u t o s o m a l  o n e s  of  t h e  l a t t e r .  F o r  e x p l a -  
n a t i o n  of  k a r y o t y p i c  a l t e r a t i o n  in  M u r i n a ,  t h u s ,  i t  is  
n e c e s s a r y  t o  c o n s i d e r  t h e  c h r o m o s o m a l  c h a n g i n g  m e -  
c h a n i s m s  o t h e r  t h a n  t h e  R o b e r t s o n i a n  t r a n s I o c a t i o n ,  
i .e. ,  p e r i c e n t r i c  i n v e r s i o n  o r  g r o w t h  o f  h e t e r o c h r o m a t i c  
a r m  ~.  B u t  t h e  k a r y o t y p e s  of  M u r i n a  h a v e  e s s e n t i a l l y  
m a n y  s i m i l a r i t i e s  to  t h o s e  of  M y o t i s .  A c c o r d i n g  to  t h e i r  
s y s t e m a t i c  a l l o c a t i o n s ,  i t  s e e m s  t h a t  t h e  k a r y o t y p e  of  
M u r i n a  o r i g i n a t e d  f r o m  t h a t  of  M y o t i s ,  a n d  t h a t  t h e  
a u t o s o m e s  h a v i n g  s m a l l  s h o r t  a r m s  w h i c h  c a n n o t  b e  
f o u n d  in  a u t o s o m a l  e l e m e n t s  of  M y o t i s  a re  e v o l v e d  b y  
n o n - R o b e r t s o n i a n  t r a n s l o c a t i o n  of  l a r g e  t o  m e d i u m - s i z e d  
u n i a r m e d  ones .  
C o l l a t i n g  t h e  k a r y o t y p i c  c h a r a c t e r i s t i c s  of  v e s p e r t i l i o n i d  
b a t s  w i t h  t h e i r  t a x o n o m i c  r e m a r k s ,  we  m a y  c o n c l u d e  
t h a t  t h e  k a r y o t y p e s  of  t h e  m a j o r i t y  of  g e n e r a  w i t h i n  
s u b f a m i l y  V e s p e r t i l i o n i n a e  of  t h i s  f a m i l y ,  e x c e p t  fo r  t h a t  
o f  E p t e s i c u s  ( f igure  l f), a r e  m a i n l y  d i f f e r e n t i a t e d  f r o m  
t h a t  o f  M y o t i s  b y  c e n t r i c  f u s i on ,  a l t h o u g h  s l i g h t  k a r y o -  
t y p i c  v a r i a t i o n s  w h i c h  c a n n o t  be  e x p l a i n e d  b y  R o b e r t -  

Comparison of the karyotypes among 16 Japanese vespertilionid bats 

Species 2n Autosomes Sex FN 
chromosomes 

M,SM ST A X Y 

Subfamily Vesperi- 
tioninae 

Genus Myotis 
M. nattereri 44 4 0 17 SM - 50 
IV[. hosonoi 44 5 0 16 SM A 52 
M. frater 44 5 0 16 SM SM 52 
M. macrodactylus 44 5 0 16 SM SM 52 

Genus Pleeotus 
P. auritus 32 11 1 3 SM A 54 

Genus Barbastella 
B. leucomelas 32 10 0 5 SM A 50 

Genus Pipistrellus 
P. endoi 36 7 1 9 A A 50 
P. abramus 26 8 2 2 A A 44 

Genus Nyctalus 
N. furvus 44 4 1 16 SM - 52 
N. lasiopterus 42 4 1 15 SM M 50 

Genus Vespertilio 
V. superans 38 7 0 11 SM A 50 
V. orientalis 38 7 0 11 SM A 50 

Genus Eptesieus 
E. j aponensis 50 0 0 24 SM SM 48 

Subfamily Murininae 
Genus Murina 

M. aurata 44 5 4 12 SM A 
M. leueogaster 44 4 4 13 SM A 

SubIamily 
Miniopterinae 

Genus Miniopterus 
M. sehreibersi 46 4 0 18 SM A 52 

60(?) 
58(?) 

2n = Diploid nuulber; M = Inetacentrics; SM = submetacentrics; 
ST = subtelocentrics; A = acrocentrics; FN = fundamental  num- 
ber. 

s o n i a n  t r a n s l o c a t i o n  a r e  f o u n d  w i t h i n  m a n y  g e n e r a .  I t  
s e e m s ,  h o w e v e r ,  t h a t  t h e  d i r e c t i o n s  of  k a r y o t y p i c  
e v o l u t i o n  in  M i n i o p t e r u s  ( s U b f a m i l y  M i n i o p t e r i n a e )  24 a n d  
M u r i n a  ( s u b f a m i l y  M u r i n i n a e )  h a v e  i n d e p e n d e n t l y  e a c h  
o t h e r  g o n e  f o r w a r d  d i f f e r e n t  c o u r s e s  f r o m  t h e  d i r e c t i o n  
of  v e s p e r t i l i o n i n e  b a t s ,  n a m e l y  M i n i o p t e r u s  h a s  t e n d e d  
t o  i n c r e a s e  t h e  2n  b y  c e n t r i c  f i s s i o n  a n d  M u r i n a  h a s  
i n c r e a s e d  t h e  F N  b y  n o n - R o b e r t s o n i a n  t r a n s l o c a t i o n  
r e s p e c t i v e l y ,  a l t h o u g h  t h e i r  k a r y o t y p e s  o r i g i n a t e d  s u b -  
s t a n t i a l l y  f r o m  M y o t i s - l i k e  one .  

Fig. 3. Representative karyotypes of a female Murina aurata  (a) 
and a female Murina leueogaster (b). SM = Submetacentries; ST = 
subtelocentrics. 
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